The 2'-trifluoromethylthio (2'-SCF 3 )m odification endows ribonucleic acids with exceptional properties and has attracted considerable interest as ar eporter group for NMR spectroscopic applications. However, only modified pyrimidine nucleosidesh ave been generated so far.H ere, the syntheses of 2'-SCF 3 adenosine and guanosinep hosphoramiditeso fw hicht he latter was obtained in highly efficient manner by an unconventional Boc-protecting group strategy,a re reported. RNA solid-phases ynthesis provided site-specifically 2'-SCF 3 -modified oligoribonucleotides that were investigated intensively.T heir excellentb ehavior in 19 FNMR spectroscopicp robing of RNA ligand binding was exemplified for an oncovalent small molecule-RNA interaction. Moreover,comparably to the 2'-SCF 3 pyrimidine nucleosides, the purine counterparts were also found to causeasignificant thermodynamic destabilization when located in double helical regions.T his property was considered beneficial for siRNA design under the aspect to minimize off-target effects and their performance in silencingo ft he BASP1 gene was demonstrated.
Introduction
Chemical modification can significantly enrich the structural and functional repertoire of ribonucleic acids and equip them with new fascinating properties. [1] [2] [3] [4] [5] [6] [7] [8] [9] Recently,w eh ave reported the original synthesis of 2'-SCF 3 -modified RNA. [10, 11] Thism odification has considerable potentialf or broad NMR spectroscopic applicationsi nt he nucleic acids field, particularly for probing of RNA-ligand interactions and for monitoring structural rearrangements, both at the secondary and tertiary structure level. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] The main reason for this alluring prospecto riginates from the very high sensitivity compared to the commonly used single-fluorine labeling patterns that involve mostly 5fluoro or 2'-fluoro uridines. [13] Surprisingly,w ea lso found that the 2'-SCF 3 modificationh as as ignificant effect on base-pairing strength when positioned in double helical regions, rendering 2'-SCF 3 nucleosidest oo ne of the mostd estabilizing 2'-modifications knownt od ate. [11, 22] Thereby,t he extent of thermody-namic destabilization is comparable to that of nucleic acids containing acyclic ("unlocked")n ucleosides. [23] We have previously investigated this effect which is probably due to the strong preference for C2'-endo conformation of the 2'-SCF 3 ribose moiety. [11] Nevertheless, all our knowledges tems from 2'-SCF 3 uridine and/or 2'-SCF 3 cytidine containing RNA exclusively. [10, 11] In view of the broad spectrum of applications in chemicalb iology,w es ynthesized the novel 2'-SCF 3 adenosine and 2'-SCF 3 guanosine phoshoramidites, incorporated them into oligoribonucleotides, studied their physicochemical properties and demonstrated their principal potentialf or siRNA technologies; all of these features are reported in this article.
Results and Discussion
Synthesis of 2'-SCF 3 
adenosine phosphoramidite (A9)
Our synthetic route began with the simultaneousp rotection of the 5' and 3'-hydroxylg roups of commercially available9 -(b-darabinofuranosyl)adenineu sing 1,3-dichloro-1,1,3,3-tetraisopropyld isiloxane (TIPDSCl 2 )t of urnish the nucleoside intermediate A1 (Scheme 1), [24] followed by protection of the exocyclic adenine6 -amino group using N,N-dibutylformamide dimethyl acetal to yield derivative A2.A fter triflation of the arabinose 2'-OH, compound A3 was treated with potassium thioacetate and 18-crown-6-ether,p roducing derivative A4. Selectivec leavage of the acetyl group under basic conditions gave the precursor thiol A5 in 75 %y ield. Only minor amounts (< 10 %) of disulfide bridged dimer was observed as ab yproduct. The key step, regioselectivet rifluoromethylation of the thiol group, was achieved in excellent yields using 3,3-dimethyl-1-(trifluoromethyl)-1,2-benziodoxole (Togni's reagent). [25] Deprotection of the TIPDS moiety of A6 proceeded in as traight-forwardm anner using tetrabutylammonium fluoride (TBAF) and acetic acid. Finally,c ompound A7 was transformed into the dimethoxytritylated derivative A8,a nd conversion into the corresponding phosphoramidite A9 was achieved in good yields by treatment with 2-cyanoethyl N,N-diisopropylchlorophosphoramidite. Starting with arabinoadenosine, our route provides A9 in 26 %overall yield in nine steps with seven chromatographic purifications;i nt otal, 0.5 go fA9 was obtained in the course of this study.
Synthesis of 2'-SCF 3 guanosine phosphoramidite (G7)
The synthesis of 2'-modified guanosine derivatives usually requires protection of the guaninel actam moiety against electrophilicr eagents which is often accomplished by the O 6 -(4-nitrophenyl)ethyl group that is introducedunder Mitsunobu conditions. [26, 27] Although continuously optimized over the years in our laboratory,w ee xperienced unsatisfying yields for this transformation.A dditionally,e xtensive purification protocols were required rendering such ap athway not very attractive. In the presentc ase, we therefore commencedw ith the O 6 -tertbutyl, N 2 (bis-[tert-butyloxycarbonyl]) (O 6 -tBu, N 2 -Boc 2 )p rotected 9-(b-d-arabinofuranosyl)guanine derivative G1 (Scheme 2). This compound is readily availablei nl arge quantitiesf rom 9-(b-darabinofuranosyl)guanine, in analogy to ar ecent report on the synthesis of guanosine-based amphiphiles. [28] [29] [30] Therefore, compound G1 was triflated at the arabinose 2'-OH and subsequently treated with potassium thioacetate and 18-crown-6-ether,p roducing derivative G2.S electivec leavage of the acetyl group under basic conditions gave the precursor thiol G3 in 85 %y ield. Then, regioselective trifluoromethylation of the thiol group was achieved using 3,3-dimethyl-1-(trifluoromethyl)-1,2-benziodoxole (Togni's reagent) [25] and provided derivative G4 in high yields. Deprotection of its TIPDS moiety was straightforward using tetrabutylammonium fluoride (TBAF). Then, as eries of transformations starting with tBu and Boc deprotection of nucleoside G5 using trifluoro acetic acid, followed by amidine protection of the exocyclic amino group and dimethoxytritylationo ft he 5'-OH group, wereo ptimized in ao ne-pot procedure requiring only as ingle chromatographic purificationo ft he target compound G6.C onversion into the corresponding phosphoramidite was achieved in good yields by treatment with 2-cyanoethyl N,N-diisopropylchlorophosphoramidite. Our route provides G7 in a1 4% overall yield in six steps with six chromatographic purifications;i nt otal, 0.7 g of G7 was obtained in the course of this study.
We point out that the Bocp rotection concept proved very convenient and was the key for the high efficiencyo ft he synthesis.T herefore, we currently plan to integratet he Boc approach for the syntheses of other 2'-modified (e.g.,2 '-SeCH 3 or 2'-N 3 ) [26, 27] guanosine building blocks as well.
Synthesis of 2'-SCF 3 -containing RNA
We used the 2'-O-TOM approach for the solid-phase synthesis of RNA with site-specific 2'-SCF 3 modifications. [31, 32] Coupling yields of the two novel building blocks were higher than 98 %a ccording to the trityl assay.T he oligoribonucleotides were cleaved from the solid support and deprotected using CH 3 NH 2 in ethanol/H 2 O, followed by treatment with tetrabutylammonium fluoride( TBAF) in tetrahydrofuran (THF). Subsequents ize-exclusion chromatography on aS ephadex G25 column removed salts. The RNA sequences were purified by anion-exchange chromatography under strong denaturating conditions (6 m urea, 80 8C). The molecular weights of the purified RNAsw ere confirmed by liquid chromatography (LC) electrospray ionization (ESI) mass spectrometry (MS). As election of 2'-SCF 3 RNA sequences is listed in the Supporting Information, Ta ble S1. Noteworthy,2 '-SCF 3 guanosine (such as the previously investigated 2'-SCF 3 uridine and2 '-SCF 3 cytidine) [10, 11] appeared completely stable under the repetitive oxidative conditions (20 mm aqueous iodine solution) required duringR NA solid-phase synthesis for the transformation of P III into P V ,a nd the subsequentd eprotection ( Figure 1 ). Unexpectedly,t he 2'-SCF 3 adenosine label turned out to be sensitive duringt he standard deprotection procedure. Only when we added millimolar amountso fthreo-1,4-dimercapto-2,3-butandiol( DTT), ah igh quality of the crude deprotected RNA was achieveda sa nalyzed from the corresponding ion-exchange HPLC traces ( Figure 1B )a nd mass spectrometric experiments. We hypothesize that possible oxidation products (such as sulfoxides, 2'-SOCF 3 )o ft he protected RNA were reduced by this additive,a nd hence, follow-up side-productst hat otherwise dominated during RNA deprotection at high pH values (as ar esult of sulfoxide elimination and successive strand cleavage) could not form any more. This observation is reminiscent of the chemical synthesis of 2'-SeCH 3 RNA that we investigated severaly ears ago; [33] for 2'-SeCH 3 guanosine-modified RNA, the corresponding oxidation products were analyzed in detail by mass spectrometry,a nd additionally isolated and quantitatively reduced by DTT. [26] Unfortunately,o ur attempts to isolateo xidized speciesof2'-SCF 3 RNA have failed so far.
adenosine andg uanosine

Base pairing propertiesof2'-SCF 3 -containing RNA
As ingle 2'-SCF 3 adenosine or 2'-SCF 3 guanosine exhibited ap ronounced attenuationo fR NA duplex stability provided that the modification was located in the Watson-Crick basepairing region. For instance, UV melting profilea nalysiso ft he palindromic RNA 5'-GGUC(2'-SCF 3 -G)ACC ( Figure 2A )r evealed an average decrease of 24 8Ci nT m values forR NA concentrations in the micromolar range (DG8, À7.8 kcal mol À1 ; DH8, À72.3 kcal mol À1 ; DS8, À216 cal mol À1 K À1 ), compared to the unmodifiedc ounterpart (DG8, À15.4 kcal mol À1 ; DH8, À84.8 kcal mol À1 ; DS8, À233 cal mol À1 K À1 ). As as econd example, the hairpin-forming RNA 5'-GAA(2'-SCF 3 -G)G-GCAA-CCUUCG (Figure 2B )a lso showedadecrease (14 8C) of T m values determined at micromolar RNA concentrations( DG8, À5.3 kcal mol À1 ; DH8, À54.7 kcal mol À1 ; DS8, À166 cal mol À1 K À1 ), compared to the unmodified counterpart( DG8, À7.1 kcal mol À1 ; DH8, À52.1 kcal mol À1 ; DS8, À151 cal mol À1 K À1 ). Likewise, the same hairpin sequence butw ith 2'-SCF 3 adenosine, 5'-GA(2'-SCF 3 -A)GG-GCAA-CCUUCG ( Figure 2C ), was destabilized (DG8, À5.5 kcal mol À1 ; DH8, À57.9 kcal mol À1 ; DS8, À176 cal mol À1 K À1 ).
The influenceo ft he 2'-SCF 3 purine nucleosides on thermodynamic parameters of double helix stability was therefore comparable to the corresponding 2'-SCF 3 pyrimidine series investigated previously,f or which the destabilizationw as attributed to the inherentp reference for C2'-endo conformation of these nucleosides. [11] To support such ah ypothesis also for the purine nucleoside series investigated here, we synthesized the short, single-stranded RNAs, 5'-UU(2'-SCF 3 -A)GCG, and 5'-UU(2'-SCF 3 -G)UUU, and determined 3 J(H1'-H2')c oupling constantsb y 2D 1 H, 1 He xclusive correlation spectroscopy (ECOSY) (Figure 3 ). For 2'-SCF 3 -adenosine and -guanosine, the valuesw ere determined to be 9.7 and 8.0 Hz, respectively,accountingfor apopulation of 96 and 80 %o fC 2 '-endo ribose conformationi n single-stranded RNA.
As ac onsequence, this observation portends that forcing a2 '-SCF 3 nucleoside into aC 3 '-endo (or C3'-endo-like) ribose pucker,a sm andatory for an A-form RNA double helix to avoid steric interference of the 2'-substituent, would introduce an energetic penalty.I mportantly,avery recent computational study by Li and Szostak supports this hypothesis. [34] The calcu-lated free energy landscape revealed that the C2'-endo conformationo fasingle nucleoside within an ative A-form RNA duplex is significantly less stable by 6kcal mol À1 compared to the C3'-endo conformer. [34] This large value accounts for the disruption of the planar base-pair structure (therefore weakening stacking and hydrogen-bonding interactions) if aC 2 '-endo ribose had to be accommodated into the overall A-form geometry. [34] We recall that 2'-SCF 3 pyrimidine nucleosidese xerted only am inor or negligible effect on thermodynamic stability if located in single-stranded regions (such as loops,bulges, or overhangs) next to double helixes. [11] This behavior was also found for the corresponding purine nucleosides investigated here. For instance, the hairpin forming RNA 5'-CGGA-GUGA-UCCG (T m = 60.3 8C; DG8, À5.7 kcal mol À1 ; DH8, À54.4 kcal mol À1 ; DS8, À163 cal mol À1 K À1 )s howed thermodynamic parameters that were comparable to those of the modified counterparto f5 '-CGGA-GU(2'-SCF 3 -G)A-UCCG( T m = 60.6 8C; DG8, À5.7 kcal mol À1 ; DH8, À55.3 kcal mol À1 ; DS8, À166 cal mol À1 K À1 ; Figure 2D ).
In response to ar eviewer's comment, we point out that the 2'-SCF 3 modification is destabilizing also in the context of aD NA double helix. This is not unexpected because the C2'endo pucker exposes the C2'-substituent in ribose configuration (such as the 2'-SCF 3 group used here) to steric hindrance with the phosphate backbone in B-form conformation. In preliminary experiments, we found that the destabilization is of comparable degree forD NA and RNA. For example, the DNA hairpin 5'-CCGGAAGGT-ACGA-ACCTTCCG-3' melts at a T m value of 73.8 8Ci n1 0mm Na 2 HPO 4 ,1 50 mm NaCl, pH 7.0 (DG8, À6.8 kcal mol À1 ; DH8, À49.0 kcal mol À1 ; DS8, À142 cal mol À1 K À1 ) while 5'-CCGGAAGGT-ACGA-ACCU SCF3 TCCG-3' melts 23 degrees lower under the same conditions (T m = 50.7 8C; DG8, À3.4 kcal mol À1 ; DH8, À41.9 kcal mol À1 ; DS8, À129.2 cal mol À1 K À1 ;S upporting Information, FigureS1).
Probing of RNA structures by 19 FN MR spectroscopy
To evaluate the applicability, and importantly,t he uniformity of the 2'-SCF 3 labeling concept not only with respect to pyrimidine but also with respectt op urine nucleosides, we demonstrate as ingle-case study for NMR spectroscopicR NA probing here. Figure 4A depicts the secondary structure model for the Thermoanaerobactert engcongensis preQ 1 class-I riboswitch. [37] [38] [39] This RNA becomes preorganized into ap seudoknot fold when Mg 2 + is presenta tp hysiological concentrations. The distribution between the stem-loop fold (SL) with an unpaired strand overhang and the more compact RNA pseudoknot (P)w as nicely reflected by the two 19 Fr esonances at À40.2 and À40.5 ppm, in 3:7r atio ( Figure 4B ,m iddle). Ligand addition in fourfold excessr esulted in ad ominant population of the preQ 1 -bound RNA complex (C), reflected by an ew signala t À40.8 ppm ( Figure 4B,b ottom) . Thes implicity of the population analysis based on 19 Fs pectra becomes obvious from ad irect comparison with the corresponding NH imino proton 1 HNMR spectra ( Figure 4C ). Note that the imino protons exchange with the solvent and therefore result in much weaker intensities for the two dynamic, ligand-unbound RNA confor- Figure 3 . 19 Fa nd 1 H, 1 HECOSY NMR spectraofs ingle-stranded RNAs:A )5'-UU(2'-SCF 3 -A)GCG, and B) 5'-UU(2'-SCF 3 -G)UUU. For the 2'-SCF 3 moiety,the 3-bond scalar coupling constants of H1' and H2' ( 3 JH1'-H2')were determined to be 9.7 and 8.0 Hz, respectively.These account for 96 and 80 %C 2 '-endo (South) populationsi nC2'/C3'-endo equilibria. [35, 36] Notethat for pyrimidine nucleosidest he C2'-endo (South) population was 100 %. [10, 11] Conditions: c RNA = 0.3 mm;25mm sodium cacodylate, pH 7.0, 298 K. mations ( Figure 4C ,t op, middle) while signali ntensities are higher for the significantly more stable preQ 1 -aptamer complex ( Figure 4C ,b ottom), hence impairing an accurate quantification of populations of the coexisting folds.
As as econd example for 19 FNMR spectroscopic applications of the novel labels, we analyzed duplex formation by titration and in temperature-dependent manner.T he 14 bp RNA contained as ingle 2'-SCF 3 adenosine in the middler egion. Its meltingt emperature was readily obtained. The corresponding set of data is depicted in the Supporting Information, Figure S2 .
The NMR analysis presented in Figure 4t ogether with other examples that we demonstrated previously for the pyrimidine series makesu sc onfident that the 2'-SCF 3 label awaits rapid and widespread applications. [10, 11] Its performance confirmso ur originale xpectations for facile NMR spectroscopic probingo f RNA structure rearrangements and RNA-ligand interactions.
We also mention that, to the best of our knowledge,o nly two other CF 3 sensorn ucleosides for probing of RNA secondary structures have been reported so far,n amely 4'-C-[(4-trifluoromethyl-1H-1,2,3-triazol-1-yl)methyl]thymidine [40] and 5-[4,4,4-trifluoro-3,3-bis(trifluorometh-yl)but-1-ynyl]-2'-deoxyuridine, [41, 42] both are sterically more demanding and represent DNA units. Additionally,t rifluorothymidine has been analyzed for its NMR spectroscopic properties within DNA. [43] RNA interference by 2'-SCF 3 
-modified siRNA
As an ovel application fort he 2'-SCF 3 modification, we tested the potential of this modification for gene silencingb ys mall interfering RNA (siRNA). Nucleosides with destabilizinge ffects on Watson-Crick base pairing are of specific interest for the development of oligonucleotide therapeutics. [2, 4, 23] Most prominent is the highly flexible unlocked nucleic acid (UNA;o r" seconucleoside") modification. [23] UNA, missingt he covalentC 2 'À C3' bond of ar ibose sugar,i sn ot conformationally restrained, and can be used to influence oligonucleotide flexibility.U NA insertsr educe duplex T m values by 5t o1 08Cp er insert, [23] they facilitateantisense strand selection as the RISC guide, and UNA modifications to the seed region of as iRNA guide strand can significantly reduceo ff target effects. [44] The comparable extento fd estabilization of UNA and2'-SCF 3 modifications prompted us to explore ap otential role of the latter in siRNA approaches. For reasons of comparability,w e employed the same model system used previously to knock down the brain acid soluble protein 1( BASP1) encoding gene by transient siRNA nucleofection in the chickenD F-1 cell line. [45, 46] Expression of the BASP1 gene is specifically suppressed by Myc, an evolutionary conserved oncoprotein; [47] conversely,t he BASP1 protein is an efficient inhibitor of Mycinduced cell transformation. [46] We synthesized five siRNA duplexes for the BASP1 target gene with the sequence organization depicted in Figure 5A (see also the Supporting Information, Table S2 ), two of them with as ingle2 '-SCF 3 adenosine (A15) or guanosine (G8) in the sense strand,t wo of them with as ingle 2'-SCF 3 guanosine modification in the antisense strand,v ery close to (G10) or within (G2) the seed region,a nd another one with two 2'-SCF 3 modifications (G2 and A13) in the antisense strand. We determined the thermodynamic parameters for two of the five modified siRNAs( A15 sa nd G2 as;s eed region)b yU Vm elting profilea nalysisa nd-as expected-found significant destabilization compared to the native siRNA (Supporting Information, Figure S3 ).
The modified siRNAs caused complete gene silencing as observed for the non-modified reference duplex only when the modification resided in the sense strand ( Figure 5B ). Instead, siRNA activity was impaired for the 2'-SCF 3 -G10 antisensemodified siRNA. Not unexpectedly,t he two siRNAs carrying the 2'-SCF 3 modification in the seed region at the critical position2 of the antisense strand [23] were not active. These results indicate that the 2'-SCF 3 modification is apromising tool for the alternative design of siRNAs with reduced off-target effects and warrantsc omprehensive studies in the future along these lines. [44] 
Conclusion
The ribose 2'-trifluoromethylthio group makes ribonucleic acids an attractive reporter for spectroscopic investigationso f . NMR spectroscopic analysis of Mg 2 + -assisted RNA pseudoknot formation, and subsequent stabilization through binding of asmall ligand (Thermoanaerobacter tengcongensis preQ 1 class-Ir iboswitch), using a2 '-SCF 3 guanosinel abel. A) RNA secondary structure model,B)corresponding 19 FNMR spectra,a nd C) imino proton 1 HNMR spectra. Conditions: c RNA = 0.3 mm,2 5mm sodium cacodylate, pH 7.0, 298 K; additions: c Mg2 + = 2.0 mm;f ollowed by c preQ1 = 1.2 mm.The cytosine that forms aW atson-Crick base pair with the preQ 1 ligand is highlighted in grey.
RNA structure, structural dynamics, folding, and ligand interactions. So far,o nly RNA with 2'-SCF 3 modified pyrimidine nucleosides hasb een accessible by chemical synthesis. The syntheses of the novel 2'-SCF 3 purine nucleoside phosphoramidites and the corresponding RNAsh as been demonstrated in this work and significantly expands the scope of applications for this modification. Their excellent behavior in 19 FNMR probing of structurep reformation and ligand binding was exemplified for the preQ 1 class-Ir iboswitch and for meltingo fa nR NA duplex. Moreover,a ll 2'-SCF 3 -modified nucleosides cause thermodynamic destabilization when they reside in double helices. Since this property is reminiscent of "unlockedn ucleic acid" (UNA) which is widely used for siRNA technologiest om inimize off-target effects, [23, 44] we have highlighted the principal potential of 2'-SCF 3 RNAs for siRNA design as ap romising novel application of this modification.
Experimental Section
O 6 -tert-Butyl-N,N-bis(tert-butyloxycarbonyl)-3',5'-O-(1,1,3,3tetraisopropylsiloxane-1,3-diyl)-2'-acetylthio-2'-deoxyguanosine (G2) Nucleoside G1 (1.46 g, 1.86 mmol) was dissolved in dichloromethane (25 mL) and DMAP (696 mg, 5.70 mmol) and trifluoromethanesulfonyl chloride (298 mL, 2.80 mmol) was added at 0 8C. After 40 min, the reaction mixture was treated with aqueous NaHCO 3 solution (5 %), the organic layer was separated, dried over Na 2 SO 4 and evaporated to yield the 2'-triflated derivative of G1 as ad arkyellow foam under high vacuum. The residue was dissolved in DMF (25 mL) and treated with potassium thioacetate (319 mg, 2.79 mmol), overnight, at ambient temperature. The solvent was distilled under reduced pressure and the crude product was purified by column chromatography on SiO 2 (0-4 %C H 3 OH in dichloromethane v/v) to yield G2 as ab rown foam (1.28 g, 1.52 mmol, 82 % over two steps). TLC (3 %C 
Compound G2 (5.04 g, 6.0 mmol) was dissolved in absolute ethanol (70 mL) and CH 2 Cl 2 (3 mL) and was stirred for one hour at 0 8C and then treated with methyl amine (24 mL, 7 m in EtOH). After 25 min the solvents were evaporated under reduced pressure and the crude product was purified by column chromatography on 
Nucleoside G3 (562 mg, 0.704 mmol) was dissolved in dichloromethane (12 mL) and cooled to À78 8C. To this solution, 3,3-dimethyl-1-(trifluoromethyl)-1,2-benziodoxole (Togni reagent, 279 mg, 8.45 mmol) was added as solid and the mixture was stirred, overnight. Within this time, the reaction mixture was slowly allowed to warm to room temperature. The solvent was removed and the crude product was purified by column chromatography on SiO 2 (0-1.5 %C H 3 OH in dichloromethane) yielding G4 as ay ellow foam (444 mg, 0.513 mmol, 73 %). TLC (6 %C H 3 OH in CH 2 Cl 2 v/v) R f = Figure 5 . Gene silencing by 2'-SCF 3 -modified siRNAs. A) Sequence of the brain acid soluble protein 1gene( BASP1) [46] targetings iRNAduplex used in this study;nucleosides in red indicatepositionsfor 2'-SCF 3 modification tested. B) Biological activities of 2'-SCF 3 -adenosine or 2'-SCF 3 -guanosine modified siRNAsd irected against BASP1 mRNA. Chicken DF-1 cells grown on 60 mm dishes were transiently nucleofected with 0.24 nmol (~3.0 mg) aliquots of unmodified(SIR) or modified siRNAs( SIR 2'-SCF 3 )onsense (s) or antisense (as) strands. An equal aliquot of siRNAwith as huffled(random)n ucleotidesequence was used as acontrol. To tal RNAsw ere isolated 2days (left panel) or 3days (right panel) after siRNAd elivery,and 5 mga liquots were analyzedb yN orthernh ybridization using aD NA probe specific for the chicken BASP1 gene, and subsequently ap robe specific for the housekeeping quail GAPDH gene. [46] The levels [%] of BASP1 expression(Expr.) were determined using ap hosphorimager and are depicted as bars relative to mock transfections (no SIR, 100 %). The electrophoretic positions of rRNAsa re indicated in the margin.S IR random:5 '-UCUGGGUCUAAGCCAAACAUT/5'-UGUUUGGCUUAGACCCAGAUdG.
bonate buffer (1 m,p H7.4) and the organic solvent was evaporated. The solution was subjected to size-exclusion chromatography on an Amersham HiPrep 26/10 desalting column (2.6 10cm; Sephadex G25). The crude RNA was eluted with H 2 O, dried, and redissolved in 1mLH 2 O. Analysis and purification of 2'-SCF 3 -containing RNA Analysis of crude products was performed by anion-exchange HPLC on aD ionex DNAPac-100 column (4 250 mm) at 80 8C. Flow rate:1 mL min À1 ;e luant A: 25 mm Tris-HCl (pH 8.0), 6 m urea; eluant B: 25 mm Tris-HCl (pH 8.0), 6 m urea, 500 mm NaClO 4 ;g radient:0 -40 %Bin Aw ithin 25 min;U Vd etection at 260 nm. Crude products were purified on as emipreparative Dionex DNAPac-100 column (9 250 mm) at 80 8C. Flow rate:2mL min À1 ;g radient:3 -17 %Bin Aw ithin 15 min for oligonucleotides < 10 nt;2 4-35 %B in Aw ithin 18 min for oligonucleotides > 10 nt;U Vd etection at 260 nm. Fractions containing the oligonucleotide were diluted with an equal volume of triethylammonium bicarbonate buffer (100 mm,p H7.4) and loaded on an equilibrated C18 SepPak Plus cartridge (Waters), washed with water and eluted with water/acetonitrile (1:1, v/v). Purified fractions were evaporated and redissolved in 1.0 mL water.T he RNA yield was determined as units of optical density at 260 nm by UV spectroscopy (Implen NanoPhotometer) at room temperature. The product quality and purity was verified by anion-exchange chromatography on an analytical column (vide supra).
RNA interference and Northern analysis
Lyophilized synthetic siRNA duplexes were dissolved, annealed, and delivered into chicken DF-1 cells by electroporation as described. [45] To tal RNA isolation, and analysis of gene silencing by Northern hybridization using specific 32 P-radiolabelled DNA probes for detection of BASP1 and GAPDH mRNAs were done as described previously. [45, 46] 
